Purpose: Paravertebral blocks (PVBs) are a method of limiting postoperative pain for patients undergoing video-assisted thoracoscopic surgery (VATS). We began providing ultrasoundguided PVBs for patients undergoing VATS in the spring of 2011, using an out-of-plane approach. The aim of this study was to evaluate this practice change. Methods: Following institutional review board approval, we reviewed the charts of 114 patients undergoing VATS by one surgeon at our institution between January 2011 and July 2012. Of the 78 eligible patients, 49 patients received a PVB prior to surgery. We evaluated opioids administered in the perioperative period, pain scores, and side effects from pain medications. Results: Patients who received a preoperative PVB required fewer narcotics intraoperatively and during their hospital stay (P=0.001 and 0.011, respectively). Pain scores on initial assessment and in recovery were lower in patients who received a PVB (P=0.005), as were dynamic and resting pain scores at 24 hours after surgery (P=0.003 and P,0.001, respectively). Patients receiving a PVB had fewer episodes of treated nausea both in the postanesthesia care unit (P=0.004) and for the first 24 hours after surgery (P=0.001). These patients also spent less time in recovery (P=0.025) than the patients who did not receive a block.
Introduction
Video-assisted thoracoscopic surgery (VATS) has increased in popularity worldwide. The benefits of VATS include decreased postoperative pain, improved cosmetic surgical wounds, decreased morbidity, and shorter hospital stays when compared to open thoracic procedures. [1] [2] [3] Pain associated with thoracic surgery is multifactorial and involves muscular pain, neuropathic pain, pleural irritation, and referred pain. While patients undergoing VATS have been shown to have less acute pain compared to thoracotomy, 2,4,5 the development of chronic pain is similar. [6] [7] [8] [9] [10] Furthermore, the degree of acute post-thoracotomy pain has been shown to predict the presence and significance of chronic pain related to these procedures, 6 increasing the importance of acute postoperative pain control. Paravertebral blocks (PVBs) are a validated method of limiting postoperative pain for patients undergoing VATS and other thoracic procedures. [11] [12] [13] [14] [15] [16] [17] Our institution began providing ultrasound-guided PVBs for patients undergoing VATS in the spring of 2011 with positive feedback from both patients and surgeons. Unlike many published 
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Amlong et al descriptions of ultrasound-guided PVB, in which the operator approaches the PVB space in-plane to the ultrasound beam with the probe held in a transverse mediolateral fashion, we utilize an "out-of-plane" approach with the ultrasound probe in a parasagittal plane combined with intermittent low-volume hydrodissection to guide needle advancement. The aim of this study was to retrospectively evaluate the analgesic efficacy of the preoperative PVBs provided for patients undergoing VATS.
Materials and methods
Following approval of an exemption application from the University of Wisconsin Health Sciences Institutional Review Board, we used a billing database to identify consecutive adult patients undergoing VATS by a single thoracic surgeon at our institution between January 2011 and July 2012. A retrospective review of these patients' electronic medical records was performed. Patients who underwent additional procedures at the time of the VATS, required postoperative care and continued mechanical ventilation in an intensive care unit, had chronic pain as defined as a baseline preoperative pain score of 5 or greater, were under the age of 18, or who presented with injuries sustained as part of trauma were excluded from our analyses. Additionally, two patients were excluded secondary to postoperative death attributed to long-standing hepatic disease and postoperative stroke attributed to the patient's history of cardiovascular disease. Neither patient who died was in the block group. Of the 78 eligible patients, 49 patients received a PVB prior to their planned surgical procedure. All patients on the operating room schedule during the day were considered for a nerve block. Reasons for exclusion of patients would include hemodynamic instability, patient intubated and sedated already, coagulopathy, extreme obesity, prior back surgery, and a patient with active infection. The block occurred in a dedicated holding room and was performed by either a resident or a fellow, and a staff anesthesiologist assigned to the block team. Blocks performed by residents or fellows were done under the direct supervision of a staff anesthesiologist on the regional anesthesia team. Blocks were performed with minimal sedation using intravenous midazolam (1-2 mg) and fentanyl (50-100 µg). After assisting the patient into the sitting position, ultrasound guidance in the sagittal plane was used to identify transverse process, costotransverse ligament, and pleura on the side of the surgery at levels appropriate based on the surgeon's proposed port and chest tube sites. Once ultrasound visualization was adequate, the patient's skin was infiltrated with 2% lidocaine (1-3 mL), and a 22-gauge (50 mm) or 21-gauge (100 mm) UniPlex NanoLine regional anesthesia needle (Pajunk ® Medizin Technologie, Geisingen, Germany) was inserted out-of-plane relative to the ultrasound probe. Hydrodissection with sterile saline was used as the needle was advanced until anterior pleural deflection was visualized on ultrasound. Bupivacaine (0.5%) with 2.5 µg/mL epinephrine was injected in divided doses after negative aspiration. In total, 10-20 mL of bupivacaine was injected at each level, with most patients receiving 10 mL or 15 mL per level. Total block volume from all levels was 25-30 mL in most cases, although a single patient received a total of 40 mL. All patients received blocks at either two or three levels ranging from T3-4 to T6-7 on the side ipsilateral to the proposed procedure. Using patients' electronic medical records, the amount of opioids administered intraoperatively, in the postanesthesia care unit (PACU), for the first 24 hours after discharge from the PACU and during the hospital stay were recorded. To facilitate comparisons, we converted all administered opioids to intravenous morphine equivalents using standard conversion factors as follows: morphine -10, hydromorphone -1.5, fentanyl -0.1, and meperidine -75. 18 The use of additional analgesics, including nonopioid intravenous and oral analgesics, and intraoperative incision infiltration by the surgeon were also recorded.
Once the patient was admitted to the floor, the patient reported numerical pain scores ranging from 0 (least pain) to 10 (most pain) that were recorded by nursing staff. Patient's pain was frequently reevaluated by nursing staff throughout the patient's hospital stay. The following patient-reported numerical pain scores were recorded or calculated using medical records: patients' initial pain score on arriving to the PACU, highest pain score while in the PACU, mean pain score while in the PACU, pain score on initial assessment once the patient reached the floor, resting and dynamic pain scores at 24 hours after discharge from the PACU, and mean resting and dynamic pain scores for the first 24 hours following discharge from the PACU. Mean pain scores were computed using allnurse recorded patient-reported numerical pain scores during the respective time frame. The amount of time spent in the PACU for each patient was also recorded. PACU time was defined as the amount of time the patient was physically present in the PACU before meeting nursing discharge criteria. All patients undergoing VATS procedures, with or without a preoperative PVB, received pain medications ordered by the surgery and anesthesia team in the perioperative period. Intraoperative opioids were administered at the discretion of the in-room anesthesia staff based on clinical signs of 
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Out-of-plane ultrasound-guided PVBs improve analgesic outcomes in VATs inadequate analgesia such as increased heart rate and blood pressure during the procedure. Opioids in the PACU were administered at the patient's request or based on the patient's verbal pain score at the discretion of the PACU nurses. Once admitted to the floor, pain medications were administered at the discretion of the surgical service and floor nurses. The standard pain medication regimen included a hydromorphone patient controlled analgesic pump with a nurse bolus available. Patients were ultimately advanced to oral opioids, usually in the form of oxycodone. Most patients were placed on scheduled oral acetaminophen unless contraindicated, and most received scheduled doses of either intravenous or oral nonsteroidal anti-inflammatory drug (NSAID) medication. Lastly, the presence or absence of postoperative nausea or vomiting was recorded. Patients who received a rescue antiemetic in either the PACU or within the first 24 hours postoperatively were considered to have postoperative nausea. Our primary interest was whether PVBs led to improved pain scores and reduced opioid consumption. Intergroup comparisons (PVB vs no PVB) were performed using the Student's t-test, Fisher's exact test, and Mann-Whitney U test for continuous, binary, and ordinal variables, respectively. An independent statistician performed statistical analysis of data. A P-value of ,0.05 was considered significant.
Results
The charts of 114 patients who underwent unilateral VATS procedures were reviewed. Patients were excluded from our analysis for the following reasons: baseline pain score of .5 either from pain related to reason for surgery or from an unrelated chronic issue (n=17), remained intubated postoperatively (n=12), presented as a multiple injury trauma (n=4), deceased on postoperative day 1 (n=1), stroke on postoperative day 0 (n=1), and had a prolonged narcotic infusion lasting into PACU as part of a total-intravenous anesthetic (n=1). Of the 78 eligible patients, 49 received an ultrasound-guided PVB, while the remaining 29 did not. Chart review revealed that among the patients receiving a PVB, four received a block at three levels, while the remaining 45 patients received a block at two levels. Two three-level blocks were performed at levels T4, 5, and 6, one at T1, 3, and 5, and one at T2, 3, and 5. Twenty-six patients received a two-level block at levels T4 and 6, nine at T3 and 5, five at T5 and 7, four at T3 and 6, and a single patient received a block at T1 and 5. The two groups (PVB vs no PVB) were comparable in terms of patient age, sex (%), body mean index, and American Society of Anesthesiologists score (Table 1 ). Our analysis showed that all patients received as-needed intravenous opioids, frequently in the form of patient-controlled analgesia. All but six patients in the PVB group and five patients in the control group additionally received scheduled acetaminophen once admitted to the floor. Results in Table 2 show that mean intraoperative opioid consumption in morphine equivalents was significantly lower for patients who received preoperative PVB compared to those who did not (P=0.001). Mean opioid consumption in the PACU and for the first 24 hours after surgery appeared to be less in the PVB group compared to controls; however, this small difference failed to achieve statistical significance (P=0.246 and 0.467, respectively). Mean opioid consumption for the duration of hospital stay was significantly lower in patients who received PVB (P=0.011). Patient-reported numerical pain scores immediately upon arrival to the PACU were significantly lower in the PVB group (P=0.005; Table 3 ). Peak pain scores in the PACU (P=0.097) and mean pain scores in the PACU (P=0.061) were lower in the PVB group but also failed to reach statistical significance. Pain scores on initial assessment once patients reached the floor were also significantly lower in patients receiving a PVB (83%) in the control group received intraoperative local anesthetic wound infiltration.
Discussion
The findings of this study support the assertion that preoperative PVBs performed with an out-of-plane needle insertion technique improve analgesic outcomes in the immediate postoperative period and improve the quality of the anesthetic. Specifically, our patients had lower reported pain scores, lower perioperative opioid requirements, fewer incidences of treated postoperative nausea or vomiting, and shorter stays in the PACU. All analyzed outcomes showed a trend toward improved results in patients who obtained preoperative PVB compared to those who did not. Statistically, this fact is in itself significant and provides an objective correlation to the subjective positive feedback we have received from both surgeons and patients. The analgesic efficacy of PVBs in patients undergoing both video-assisted thoracoscopic procedures and open thorcatomies has been documented. [11] [12] [13] [14] 16, 17 Furthermore, the use of paravertebral catheters for postoperative pain control for thoracic procedures has also been investigated. 12 Classically, PVBs have been placed using landmark techniques with or without nerve stimulation, often by walking the needle off of transverse process and advancing an additional 1 cm or until the "pop" of the transverse costal ligament is felt. 19 More recently, ultrasound guidance has grown in popularity with several different techniques being used for block placement, most commonly placing the ultrasound probe in the transverse plane with injection of local anesthetic using an in-plane technique. 20, 21 Other ultrasoundguided techniques with out-of-plane needle placement rely on contact with the transverse process or loss of resistance to saline injection once the transverse costal ligament is passed to ensure block placement in the paravertebral space. 22 The results of the present study demonstrate that using an out-of-plane ultrasound-guided method of single-injection PVB placement, we were able to improve our anesthetic via improved pain scores, less postoperative nausea, and less recovery time in the PACU.
One limitation of the current study is a lack of documented dermatomal sensory blockade after block placement. It is not our practice to check sensory levels following placement of these blocks, and therefore, the rate of epidural spread and block failure is unknown. In addition, the retrospective nature of this study and the bias that was introduced due to the unblinded nature of this study introduces bias. Providers may have expected less pain in the block patients, and therefore, gave less medication. Despite these issues, these (P=0.031). Both dynamic and resting pain scores at the 24-hour time point after surgery were significantly lower in the PVB group (P=0.003 and P,0.001, respectively); however, mean dynamic and rest pain scores over this 24-hour period, while lower in the PVB group, failed to reach statistical significance (P=0.089 and P=0.078, respectively). Patients who received preoperative PVB had a lower incidence of nausea requiring treatment both in the PACU (4% vs 28%, P=0.004) and for the first 24 hours after PACU discharge (8% vs 43%, P=0.001) compared to the control group (Table 4) . Lastly, patients who received PVB spent significantly less time in the PACU before meeting discharge criteria compared to those who did not receive PVB (105 vs 125 minutes; P=0.025). We found that 40 of 49 (82%) patients in the block group received scheduled postoperative acetaminophen, while 25 of 29 (86%) patients who did not receive a block received scheduled acetaminophen. Thirteen of 49 patients (27%) in the block group received at least one dose of scheduled NSAID medication in the form of intravenous or oral ibuprofen, diclofenac, or ketorolac. Six of 29 patients (21%) who did not receive a block received NSAID medication. Lastly, 24 of 49 patients (49%) in the block group received intraoperative wound infiltration with 0.25% bupivacaine by the surgeon, while 24 of 29 patients 
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Out-of-plane ultrasound-guided PVBs improve analgesic outcomes in VATs data do provide further evidence of the analgesic efficacy of PVB in patients undergoing VATS procedures and introduce the possibility that a PVB catheter would add value by potentially prolonging our PACU results into postoperative day 1. In this chart review, we cannot determine how long the single-injection blocks might have lasted. The literature supports a duration of single-shot PVB ranging from 6 hours postoperatively to 12 hours or even longer. We know that the block lasted long enough to get the patients through the PACU, so perhaps by placing catheters, we can extend the analgesia in a meaningful way for patients. If we get improved analgesia on the floor, then perhaps we begin to impact the ability of patients to ambulate and avoid respiratory complications. Further prospective studies are warranted to determine the ideal analgesic regimen for VATS patients. The out-of-plane approach utilized at our institution may put patients at elevated risk of misplaced injection of local anesthetic, and this needs to be carefully considered. Though no adverse events from the PVBs were noted in our chart review, we clearly did not have enough patients to draw any conclusions regarding block safety.
Conclusion
In summary, the current study presents data suggesting that ultrasound-guided paravertebral blockade using an out-ofplane needle approach may offer a number of clinical benefits to patients undergoing VATS procedures. Further investigation is required to determine ideal analgesic regimen.
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